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[57] ABSTRACT 

A shape transformable medical implant or optical lens 
capable of substantial recoverable deformation in all dimen- 
sions is rapidly Inserted and positioned into a target site such 
as an eye through an ejector having a small diameter, 
rln ngfl 1 ^ generally tubular outlet The medical implant or 
optical lens is formed of a material having an elongation at 
break greater man 100% facilitating its ejection into the eye 
through a tubular outlet having an inner A jfwtf** of 3 mm 
or less. The ejector is provided with a precisely pressmizable 
chamber for the controlled displacement of the medical 
implant or optical lens through the small diameter, elongate, 
generally tubular outlet 

26 Claims, 4 Drawing Sheets 
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METHOD FOR RAPID IMPLANTATION OP 
SHAPE TRANSFORMABLE OPTICAL 
LENSES 

This Is a divisional application of US. patent application 
Sc. No. 0Srt94,079 filed ao Feb. 9, 1994. now abandoned 

FIELD OF THE INVENTION 

The present invention generally relates to methods and 
associated apparatus for the insertion and placement of 
medical implants, particularly intraocular lenses. More 
particularly, the present invention is directed to methods for 
the surgical implantation of rapidly shape transformable 
implants, through an ejector app a ratns having a very small 
diameter, elongate, tubular outlet suitable for very small 
incision implantation techniques. The elastomeric or 
gelatinous, highly extensible implants possess lasting 
rneznorics enabling them to recover their original conforma- 
tional shapes immediately upon passage through the ejection 
apparatus allowing for their rapid implantation and position- 
ing. 

BACKGROUND OF THE INVENTION 

The replacement or augmentation of natural body parts 
with medical implants is a mature technology having a wide 
variety of well-developed applications and techniques. 
Many surgically implanted medical devices perform useful 
and often essential functions based upon a variety of 
mechanical properties, including strength and flexibility. 
Onnmon examples of such widely known medical implants 
include replacement heart valves and artificial joints. 
However, another rim* of «v*tirai implants per f or m s useful 
and desirable functions by virtue of the physical shape of the 
rmpfont rather than its structural or ™^*u>nf r»i p roper ti es. 
Representative *x«mpi«>« of this class of medical implants 
include cosmetic devices designed to augment or replace 
missing tissue or, more importantly, artificial optical lenses 
designed to replace or augment the natural lens of the eye. 
With respect to optical implants, it is the shape of the lens 
itself that, in conjunction with me refractive index of me lens 
material, provides the useful light -focussing function. Other 
minor structural features may be present to assist in the 
placement or retention of these devices following implan- 
tation. 

Recent trends in implantation surgery have been directed 
toward me reduction of patient trauma, discomfort, healing 
time, and the associated complications that may occur 
through the utilization of reduced size or small incision 
surgical implantation techniques. The relatively rapid devel- 
opment of arthroscopic and microsurgery techniques and 
instruments has greatly facilitated the ability of the implant- 
ing surgeon to confine the physical impact of the surgical 
procedure to the desired target location which is accessed 
through a often remote incision. In this manner, die 
im p lan ting surgeon is able to ovoid tranma and damage to 
intervening tissues that would normally be cut and moved 
aside to provide surgical access using conventional large 
incision surgical techniques. 

Unfortunately, the development of small incision tech- 
niques has not been particularly successful in conjunction 
with the implantation of medical devices. The principal 
fmrwHrnrtitt to the development of small incision tech- 
niques for use in conjunction with m edical implants are the 
volume, the size and rigidity of the implants foemsehres. For 
example, the typical intraocular lens implant includes an 
optical lens portion having a minimum diameter on the order 
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of 6 nwn f^m ^nt trends in the posterior f^T*nil |g f implan- 
tation of intraocular lens utilize what are known as "full- 
sized" optics having lens diameters of 9 mm or more. As a 
result, the intraocular lens impiantntkm procedure must 
5 irtfliT ^ a surgical incision at V*<t as large as the minimum 
dunensioa of the optical implant. 

This is a particularly frustrating circumstance for many 
ocular surgeons in that the current procedures for removal of 
damaged or cataractoos lenses require surgical incisions of 
10 only 3 to 4 mm. Thus, the mrolartring surgeon is required to 
enlarge a relatively small opening in order to implant the 
intraocular lens. In the ocular ermronment, these lengthened 
incisions have the additional drawback of possibly mducing 
postoperative astigmatism or corneal distortions in ad di tio n 
u to the risks of increased cc^npllcarious and healing time. 
Contemporary efforts at . developing "small incision'* 
intraocular lenses (commonly defined as capable of implan- 
tation through an incision of 4 mm in length or less) have 
been focus sed in several different directions. Fas example, 
20 foldable lenses having optical portions formed of silicone 
have been proposed that may whMk me diameter of me lens 
optic to be reduced by half through the folding or rolling of 
the lens prior to insertion. Alternatively, expansile lenses 
made of mat t rials such as hydrogels may be d es ic ca t ed prior 
23 to insertion to reduce the overall volume and dimensional 
characteristics of the lens. Following implantation, the 
bydrogd material hydrates and expands to its desired size. 
More speculative proposals include balloon tenses which 
may be inserted in the drflatrd state and then filled with a 
highly refractive material to form the final lens configura- 
tion. Similarly, injectable lenses have been proposed 
wherein a liquid polymer is injected into me naturally 
occurring lens capsule where (he polymer cures into its final, 
. hopefully lens shaped, form. 
35 Though theoretically capable of small incision 
implantation, each of these proposals has significant draw- 
backs making them difficult, if not impossible, to use. While 
folding a silicone tens will reduce one dimension, it neces- 
sarily doubles the folded over dimension and leaves the third 
4p dimension unchanged so that the potential for small incision 
implantation may not be achieved. Further, folding the 
lenses may produce permanent deformation in the optic 
portion, rendering them ineffectual as an optical tens fol- 
lowing implantation. Conversely, white it is possible to 
45 sigmficantly reduce the dimensions of bydrogel lenses, the 
current state of the art requires a 3-to-24 hour hydration 
period following implantation. At present, this is unaccept- 
able to the miplanting surgeon who is unable to (tetermine if 
the tens is properly positioned prior to complete hydration, 
jo As a result, implanting surgeons are reluctant to close the 
implantation incision until they are certain that access to the 
interior of the eye is no longer necessary. Balloon lenses 
have their own probtetns in that it is difficult to inflate me 
balloon with any degree of accuracy or control following 
55 imptantatioa Thus, the actual refractive characteristics of 
the lens is difficult to control. Moreover, complete removal 
of air bubbles from the balloon remains a significant prob- 
lem. Similarly, injectable lenses cannot produce predictable 
optical power and resolution because the natural capsular 
60 bag will not consistenlly produce the necessary or desired 
lens shape. 

Accordingly, one of the primary objects of the present 
invention is to provide a incthod for the rapid iinplantation 
of an optical lens into an eye through a minimally traumatic 
magi c al procedure. 

It is an additional object of the present invention to 
provide a general implantation methodology that will allow 
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the rapid insertion mil posi tioning of medical implants been initiated to the point that the medical implant expand* 

through very small surgical incisions relative to the size of outwardly beyond the diameter of the tubular outlet, the 

the implant. internal recovery properties of the gelatinous material actu- 

II is an oHrfitfmutl object of the present invention to ally assist in pulling the implam through the ejector into the 

provide surgical apparatus for rapidly inserting and posi- * target site. As a result* only minimal pressure is required to 

tinning shape transf ennahte surgical implants into a patient <nc implant during the implantation procedure, 

through a very small incision. Attentively, it was also surprisingly discovered that the 

It is a stfll further object of the present invention to shape transformable med ic al imp la n t s of the present inven- 

provfde shape transformable surgical implant* that can be d° n tnay be placed within a detachable elongate tuboUr 

m««t rA *nA jraftinnrH within * patent thrfigh a vrry imnill 10 outlet having sufficient interna] volume to retam tfje entire 

incision relative to the shape, size and volume of the medical implant in its substantially distorted state. In this 

the impT»nt can be ccuvcmcntry sterilized, stored. 

» i. - -*ni ft -fc„ . * i™*^™ *,» or transported within the oWarhahlr tubular outlet For 

S S^nrcive « for p£5U*e p^^i " *• »«— *>** *<* •» -* 

which can be implanted into eyes in a rapid, small incision implantation, 

surgical technique. The present invention is particularly well-suited for the 

implantation of optica] lenses into the eye for corrective lens 
SUMMARY OF THE INVENTION replacement (paeudopnaloc) purposes. The optical lenses 

These and other objects are achieved by the implants, " ^J^.^ t^t^^ 

methods, and apiwralnstf the present invention whSTcan acceptaMenoatenak ha vulgar 

nodical inmtZ into a patient i bc^yTaccordance with ^^t^^^^t^^^^ ^ 

broad, functional aspects of the present Inventioa the shape M pre sent in vention include hydrogels, sfliconegels and 

tninsfcrrnar^niedicalim^ ^ droc f^L?r JS^?^2*.f^l? 

sdatiiioas materials capable of substantial recoverable 8*1** When utilized as optical lenses, these 

drformation in all dimensions. B was unexpectedly diacov- £**inous materials should be teiulateu to be ^caUy 

credbyfcepresemiirventc*^ taiisparent with a suitable! Snal refractive index fo Aght. 

tt^aaterS can be drawn i^a^ 30 fl^iSS^X^Sa^^eo^ 

small diameter, elongate, generally tubular ejectors which figured as mil-sized lenses, havir* diameters on the order of 
re^nure only very smalllmr^ 8-13 mm or as conventionally-sized 3-7 mm optics which 

totoe target site vnhb to patioTa body. Following ™ y ^t?* ™ 

imr^antauonV the implants inmiedlatery reassnme their pre- f™*™? shape ofthe r^ lei« inay 

irm^antdiapes aodcootours. allowing the implanting sur- « te any shape indndmgplaK^nvex, biconvex, converging 
g^imXLtelycon^ mcaisa,$ - ^api* pWconcave, and bicon- 

tk>n of the implantation procedure, cavc ' 

Unlike prior art implants intended for small incision Other features and advantages of ^the present invention 
surgical mmlantation, the implants of the present invention ^ becomc ap Pf rc ?„ to T 0 *!!^?^ ^ ^ * 
are capable of recoverable deformation in all dimensions. 40 consukxanon of the following detailed description taken in 
ThuTwhuc the volume of the implant remains constant, the conjunction with the accompanying drawings which 
three-dimensional shape can be signifkantly altered into a illustrate, by way of example the principles of the present 
very small diameter elongate form that, surprisingly, wffl invention. 

^^i^^^W^X. « BRIEF DBSCRIPnON OF THE DRAWJNOS 
the method of the present invention simply involves loading fig. 1 is a rhree^neosional perspective view of an 
the shape transformable implant into an ejector having a exemplary shape transformable implant illustrating the prin- 
smaH diameter, elongate, generally tubular outlet, inserting ciples of thf pr esen t iavmu'^n <**nflgiired to function as 
and posMoning the outlet into a target site within me an intraocular lens or ejectable lens implant; 
patient's body and ejecting the implant through the elongate 30 pjQ. 2 is a thxee-comensional perspective view of an 
tubular outlet into the target site. If desired, the diameter of exemplary shape transformable implant analogous to that of 
the elongate tubular outlet is suffiVtonly sinatt to enable the nG. 1 and provided with an alternative configuration; 
££d^ FIG. 3 is a tan^sional perspective view of an 

Alifiiiflttvflv V^fm*n suTidcal incision ran be mltfifr exemplary shape transformable fr«pl»nt analogous to that of 
utilizing coirventio^ $ nm aiidtne tubular " n ? 1 aiid provided with an additional altoiiative configu- 

outlet can be inserted therethrough, ration. 

The medical Implant may be loaded into the ejector FIG. 4 is a tfare-diinensional perspective view of an 
apparatus of the present invention by either asrrirating or ^f** ^^ST^hi^^ ZSt^l^ 
drawing implant mto to tu^ 60 FIG. 1 and provided with an alternative nuiMpiccc configu- 

the implant within the ejector upstream of the tubular outlet ration; 

and then toeing the implant through. In either event, the FK3. 5c is a cross-sectional view of an exemplary shape 
implant preferably is passed through the ejector outlet transformable inrraocular tens implant having a biconvex 
<luring the implantation procedure by pressurizing the ejec- configuration; 

tor in a controlled manner. Precise pressure control enables 65 FIG. 56 Is a cross-sectiooal view of an exemplary shape 
the impt anting surgeon to avoid Inadvertent pressurization transformable intraocular lens implant having a plano- 
of the target site. Moreover, once the ejection process has convex ootrnguratmn; 
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FIG. 5c is a cross- sectional view of an exemplary shape Krniring the scope of the present invention, the exemplary 

transformable intraocular lens implant having a piano- rmNvtimrntt of the present invention will be discussed in 

concave configuration; the context of optical lens implants. Such lens implants are 

FIG. Wis a aoss-sectional view of an exemplary shape gg^^Pf m "^^^ ■ ° fUm ^ & 

transfer ^lar lens implant having a concavo- > ^T^^^X^^X 

convex or meniscus configuration; me eye. Optical kia rrrr^ 

FIG. 6 is a fragmentary cross-sectional view of an exem- rjhisbiting the principles of the present invention in that 

piary multipiece ejector apparatus of the present invention their beneficial light-focussing properties ire directly detrx- 

sbown provided with a removable loading ftmnel prior to ^ miaed by their physical shapes. Similarly, their placement, 

implant loading; positioning, and retention within the patient's eye are also 

FIO. 7 is a fragmentary cross-sectional view of the directly related to the functional shapes of the optical lens 

exemplary mnltipifre ejector apparatus of FIG. ft illustrating im plants 

the loading of a shape transf ormable implant; Referring more particularly to the drawings, FIO. 1 illns- 

FIG. 8 is a fragmentary cross-sectional view of the u nates an exemplary shape transformable intraocular lens 

exemplary nium'piece ejector apparatus of FIG. 6 following implant generally indicated by reference lft. Lens lft is 

loading of the «h fl pr transformable im plant and further formed of a transparent m*™****! and is configured to tunc- 

Olustrating an exemplary detachable implant containing tion as a foil-sized posterior chamber lens implant having a 

tubular outlet; <1tony*cr on the order of 9 mm and a central thickness on the 

FIG. 9 is a fragmentary cross-sectional view of an alter- 20 order of 4.5 mm. As will be discussed in detail below, me 

native exemplary ejector apparatus of the present invention material forming lens If possesses a range of mofcanical 

shown prior to iinplanl loading; properties closer to those of a liquid rather than a solid. 

FIG. 1© is a fragmentary cross-sectional view of the ^f^*^^ WBrSt ^f ^ ^^t^ 

alternative exeinplarVeJe^ apparatus of FIG. 9 shown ^^T^^ ** ^iJf" ^^g^^ 

followinc mmlani loading « produced to function as a corrective or psendophabc 

wing ^"T""" 8» replacement lens having known, precisely controlled diop- 

FIG. 11 is a diagrammatic tragmentary cross-sectional trie powers and closely coiitroQed dimensions. However, in 

view of an eye and an exemplary jhape transfonnable to the ataUry to mamifacture lens It to exacting 

implant containing ejector apparatus illustrating an impton- pjodnction tolerances, the material forming lens 10 is 

tation procedure in accordance with the teachings of me ^ of substaim^ recover^ 

present invention; dons so that lens 1ft is shape transformable and can be 

FIG. 12 is a diagrammatic fragrcemary cross-sectional implanted in accordance with the t^^rMngt of the present 

view of the eye and ejector apparatus of FIG. 11 during the invention, 

implantation procedure; Snriilarry, FIG. 2 illustrates an alternative monocular lens 

FIG. 13 is a diagrammatic fragmentary cross-sectional 35 implant generally indicated by reference 12. Alternative 

view of the eye and ejector apparatus of FIG. 11 following intraocular lens 12 is also formed of a gelatinous or elasto- 

irnplantation; meric material providing a rapidly recoverable, shape trans- 

FIG. 14 is a diagrammatic fragmentary cross-sectional f ormable capability. However, unlike the fully functional 

view of an eye and an alternative shape fransfannahle optic configuration of lens implant 1ft, alternative lens 

inrpiant contaimng ejector apparatus Ohutraring an alterna- 40 implant 12 is configured to include a generally centrally 

Hv itnplwntirtin w piK^W In »rrrxrt\*nrr wilti thr t^u-Mng i disposed Ught-fOCUSSing lCQS clement 14 fffOVided With 8 

of the present invention; radially nrtmdtng, generally planar, circular flange support 

FIG. 15 Is a diagrammatic fragmentary cross-sectional haptic It In the embediment shown, lens e lement 14 and 

Wew of eye awl ejector arjpatatus of FIO^ 14 during the support haptic 16 areforrned of me same darisparent gelari- 

iiimlantation procedure; and « nous material. However, it is contonplated as bong within 

Fm 16 is ^ dUgrar^atic fra^n^ cross^cti^ ^^^t^^X^^^i^ 

view of the eye and ejeoor apparatus of Flu. 14 following ^ M ^ akajed 

in the art will appreciate, lens 

tr^implantatioQ procedure, implant 12 is also coimgured to functiOD as a posterior 

DETAILED DESCRIPTION OF EXEMPLARY * chaiiu^jp^doj^ diameter 

EMBODIMENTS of lens inmJant 12 is also on the order of 9 to 13 mm while 

the diameter of lens element 14 is on the order of 5-7 mm 

The following description is provided to enable any Following implantation, radially extending flange support 

person skilled in the art to nuke and use the present haptic lft will function to engage internal structures within 

invention and sets forth the best modes conlenmlated by the 55 the posterior chamber of the eye to position lens clement 14 

inventor of carrying out bis invention- As those skilled in the along the optical axis of toe eye. 

art will appreciate, there are modifications, adaptation and An alternative lens implant is illustrated in 

alternatives within the scope and teaching of the present FIG. 3 and identified by reference 18. 1 jfc* lens implant 12, 

invention that will be readily apparent from the generic lens fmplant 18 is configured to include a centrally disposed, 

principles of the invention that have been speciftcalfy go light-focussing tens element 2ft having a rt i Mnrfrr on the 

defined. The present inventioD provides methods and appa- order of 5-7 mm. Projecting from the cfrcumferential 

rafus for the rapid and simple implantation of novel, shape periphery of tens element 2ft is « pfprrifty of generally pi»n»r 

rransfonnaUe inedical implants into a patient utilizing very blade haptics 22, 24, 26 and 28. These projecting blade 

small surgical access incisions. huptfr- stiuctures also function to support dement 2ft in 

Though many forms of shape transformable medical 63 position along the optical axis of the eye followmg implan- 

irnplants are contemplated as being within the scope of the tation. In addition to reducing die overall volume and mass 

present Invention, for purposes of explanation and without of lens 18 relative to lenses lft and 12, the open configura- 
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tkm provided by blade haptics 22, 24, 26 and 28 is suitable invention, as dictated by the hgit-focussing needs of the 

for use within tbe anterior chamber of the eye as well as in individual patient However, these exemplary lens cross- 

(hepostaior chamber because the spaced apart blade haptics sections are more typical of those presently known in the art 

will not obstruct the trabecular meshwerk about the periph- Each has its own light-focussing properties and attendant 

cry of the antcriar chamber. $ n^ufacoaing benefits or difficulties. For example, (he 

For ease of manufacture, blade haptics 22, 24, 26 and 28 plano-convex and plano-concave lens configurations of 

may be formed of the material as that forming lens FIGS. 5b and 5c are the simplest to manufacture as it is 

dement 2f. Alternatively, as with lens impim* 12, lens necessary to produce only one curved optical surface on 

element 20 of lens implant 18 may be farmed of aa optically each less. However, it should be noted that to achieve 

transparent, appropriately light refractive shape transform- l0 ^«^ve light focussing, these lens shapes gen erally req uire 

able material, wMle Wade haptics 22, 24, 26 and 28 may be thicker optics to ccmpen^fc* tbe rcfractrve properties of 

farmed of a shape trans£mabk material that is more * c planar face. In «^ ^ hco^ leas tf HG. So and 

eye. Thus, the haf*K* of teeMnptary knsesof FIGS. 2 lcnshavcthdr ^pective optical centers aligned along the 

and 3 may be formed of materials having greater stifiness ^ of^^aSc^^in^^tot^^^^mmA 

and resiliency than those of their associated lens elements. abenation. ~ 

SfT eT ^ bC<aU1SC 5**°* "L^J^^i^ * In the past, this alignment requirement has compbeated 

hght-focussing manner, they may be formed of colored or &c mnDl ^ lrf of such lenses due to the feet that it is 

even opaque materials to assist the implanting surgeon in oiflfcult to machine such precisely shaped and aligned 

verifying their p lacement within the eye. It should also be 20 surfaces on the «m»n lens structures. However, because the 

noted mat while four blade haptics are shown in this m^^iai. foiining the lenses of the present invention are 

exemplary embodiment of lens 18, lens implants in accor- more suitable for faffing ud nwAting techniques, it Is 

dance with the teachings of tike present invention can be possible to manufacture a single precision mold mat will 

configured with alternative numbers of haptics, preferably consistently produce aligned optical lens surfaces. Thus, 

two or more. 23 with the present invention, it is possible to produce a 

A mumpiece alternative intraocular lens implant suitable virtually limitless number and variety of precisely shaped 

for practicing the present invention is illustrated in FIG. 4 lens configurations. Further, for mtim'pircr lenses, such as 

and generally indicated by reference 30. Mutorptece lens those of implant 38 of FIG. 4, it is possible to cast me 

implant 3t includes a central light-focussing lens element 32 projecting haptics 34 and 36 into place within lens element 

foamed of a transparent, relatively tit gh refractive index 30 32 with nrimnml difficulty. 

shape transformable my ftTH such as that of leas implants It should also be noted that there are additional functional 
If, 12 and 18. Lens clement 32 has a diameter on the order advantages that may be associated with the biconcave lens 
of 5-7 mm and a central thickness of 1-3 mm, like that of configuration of FIG. 5a and the concavo-convex lens 
exemplary lens dement 28 in implant 18. Loop haptics 34 configuration of FIG. Sd. Because of the rapidly shape 
and 36 extend from the periphery cf lens element 32. As with 35 transformable properties of these implants, the syimnetrical 
conventional mumpiece lenses, haptics 34 and 36, are shape of FIG. 5a provides a lens that may "accommodate" 
formed as separate structural element and are subsequently wimin the posterior chamber of the eye to provide the 
incorporated Into the overall structure of lens implant 30. In Implant patient with a variable focus ability like that of the 
order to function as effective support cle rp*"*? having suf- natural lens. This is one of the "Wmntp ob j ectives of the lens 
ficient structural rigidity to maintain lens element 32 in 40 unplantation art. Additionally, the projecting rear concave 
position along the optical axis of the eye following surface of the lens may function to stretch the posterior 
implantation, loop haptics 34 and 36 are preferably formed capsule following implantation to prevent distorting 
of m»tiriAl<» such aa poryanride, PTFE, or PVDF, or of other wrinkles and, possibly, to prevent subsequent opacification 
suitable mt***i*i* through conventional techniques known of the capsule. Alternatively, tbe meniscus configuration of 
in the art. These techniques include extrusion, etching, and 45 FIG. Sd may also be distorted by the natural structures 
stamping or die cutting me haptics prior to their being cast, within the posterior chamber of (he eye to provide a change 
glued or stapled into place in lens element 32. As those in focal length and subsequent accommodation, while pro- 
skilled in die art will also appreciate, the configuration of viding a space between the concave rear surface of the lens 
multipicce lens implant 34 is well-suited for use in either the and the posterior capsule. This space may be preferred by 
anterior or posterior chamber of the eye. To assist in the 30 some practitioners skilled in the art as it amplifies subse- 
unplantation methodology of the present invention, it is quest procedures such as a laser posterior capsukXomy 
preferred that loop haptics 34 and 36 be generally diametri- should opacification of the posterior capsule occur following 
cally opposed as this facilitates their ejection and implan- implantation surgery. 

tation through a very small surgical incision. Regardless of the lens implant configuration or lens 

Though each of the alternative exemplary lens embodi- 55 element cross-sectional shape chosen, the major portion of 

meats illustrated in FIGS. 1 through 4 are shown with the implants of the present Invention should be fanned of 

biconvex lens elements, it is contfrnplnrrd as being within Hastomrri c or gri atfn n m , highly extensibl e materials having 

the scope of the present invention to configure the light* elastic memories which provide shape transformable 

frmiffring nf Hrir tH ltlF *h* fc™ 1 jmphintg jp any ftf a wiAr implant ft mpaKlfr r\f giHt hmtiitl rwrfwwaM* ArfewmMitm in 

variety of optical lens configurations depending upon light 60 all dimensions. Exemplary material* suitable for practicing 
focussing needs. Thus, as illustrated in FIGS. 5a through Sd, tbe present invention include hydrogels, silicone gels and 
exemplary alternative cross-sectional lens shapes or con- elastomers, hydrocarbon gels, elastomers, polymers, 
figurations may include biconvex, as shown in FIG. So, oligomers, and oils, as well as gets and elastomers from 
plano-convex, as shown in FIG. 5b, plano-concave, as natural sources, includin g peptides and collagens. As known 
shown In FIG. 5c, and concavo-convex or meniscus, as 65 in the art, gelatinous materials generally consist of poly- 
shown in FIG. 5dL Other alternative cross-sectional lens meric elastomers incorporating low molecular weight plas- 
configurations are also within the scope of the present tickers or lightly crosslinkrd, elastomeric networks. 
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Hydfrophflic polymers, such as the hydrogeh, are particu- 
larly suitable for practicing the present invention because 
water is the plasticizer accounting far the elasticity of these 
gelatinous materials. Additionally, extensive experience 
with bydrogel contact lenses has established me biocompat- 
ibilfty of these materials, maili ng thein excellent caitdirtFtrft 
for ejectable medical implants. Exemplary bydrogels suit- 
able for practicing the present invention include polymers 
and copolymers of 2-hydroxyethyl methacrylate, 
vinylpynolidone, N-(2-hydroxy ethyl) inemanylandde, and 
2-3-«uTiydroxypropvl methacrylate. TTiese can be 

conrpounded to incorporate sufficient cross-linking and 
water content for shape transformable resilient defamation, 
as desired. 

Silicone gels and elastomers also provide ideal c a nd Hatf 
nvtfriaU for the ejectable shape transformable medical 
implants of the present invention, like me hydrogds, sili- 
cone gels have an extensive history of biocompatible use, 
Moreover, the lightly awshnked silicone gel network may 
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However, it should be emphasized that these exe mpla r y 
ranges of mechanical properties may be varied within the 
scope and teaching of me present invention in order to 
achieve additional desirable properties. For example, some 
mfltm>1* such as hydrogds may require sufficient cross- 
linking to resist tearing such that their elastic modulus and 
shear modulus are within these exemplary ranges, whereas 
their elongation at break may be reduced. SimHirly, achiev- 
ing a sufficient refractive index for light -focussing purposes 
may alter these mechanical properties. Thus, it should be 
■p r«yH«tfd that it is a fr*)>iaiw*t of these Tw Hm ntfwl proper- 
ties that is most suitable for practicing die present invention. 

Further, for the light-focussing lens elements, it is pre- 
ferred mat the materials be compounded to exhibit a refrac- 
tive index on the order of 14 or greater as this reduces the 
size and thickness of the lens Ht tt^ necessary to achieve 
the desired optical properties. It should also be noted mat 
where strength and stability are rcquired, it is possible to 
compound the materials to exhibit the appropriate degree of 



be further polymerized, crossHnked or chemically bound 20 iwrhftni^ni stiffness as long as they possess sufficient mnl- 



wimln the mat«»ri«i to enhance its bktconmatibilhy and to 
prevent migration or leeching of the plastidzers. 

The same is true with respect to me plasticizers incorpo- 
rated into hydrocarbon polymers, oligomers, elastomers and 
oils. For example, tdblock copolymers of poly(styrene- 
ethyle&e-butylene-sryrene) including plasticizing oils, pref- 
erably chemically bound, in sufficient qiiamiry to provide the 
a pprop ri ate properties, are suitable for practicing the present 
invention. Other suitable hydrocarbon polymers include 



25 



ttdimensional shape ttaosformable elasticity to allow for 
their implantation utilizing the methods of the present inven- 
tion. 

Hie tm pUnt* themselves may be manufactured Htiliying 
any suitable technique known in the art, such as casting, 
compression molding, injection molding, die cutting and the 
like, Additionally, it is contemplated as being within the 
scope of the present invention to coat the implants with a 
defonnable ?H n that may be formed of a ttw^tv 1 ! having 



polybutadiene, polyisoprene, polypropylene, polyethylene, 30 aMtiooal beneficial properties such as shape retention, 



polyvinyUdene fluoride, polyvinyl chloride, pciybutylene, 
polystyrene, polycyclopentene, end their copolymers and 
blends. 

As noted above, the materials forming the implants of the 



ability, and the like. Alternatively, 



Wocompatibility, 
an appropriately configured membrane may be filled with 
the shape t rwngi,M m^HI^ material to frfae 1 fi^p l^trt 



_ m An exemplary shape transformable lens was p repared 

present invention possess mechanical properties closer to 33 silicone gel as follows. Commercially available sili- 



those of liquids rather than those of solids. There is a wide 
spectrum of mechanical properties for matrrials ranging 
from solids to liquids. The following table is illustrative of 
these comparative property ranges. 

TABLE 1 
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cone gel material was purchased from Huls America, Inc. of 
Piscataway, NJ., and identified as Catalog No. FfiO 015. 
supplied as Parts A and B. 5 grams of Part A were combined 
^ with 0.5 gram of Part B and mixed well in a beaker. The 
mixture was pro-cured at 110° C for approximately fifteen 
minutes until the mixture became sufficiently viscous for 
transfer molding purpo ses . A transfer mold dimensioned to 
produce a full-sized intraocular lens, such as that illustrated 
in FIG. 1 having a diameter of 11 mm, a central cross- 

sjyHfwml rtiirfcw m nf S m m , ««l an edge thirknfAjt of 2 mm 

was cleaned with a 1% sodium lauryi sulfate aqueous 
solution and the viscous pre-cured silicone material was 
transferred to the mold. Prior to closing the mold, the 



matdy ten minutes. The mold was dosed, placed on a 
Carver press under 3,000 psl and cured at 120° C for forty 
minutes. Following curing, die mold was allowed to cool to 
room temperature. 

The same transfer mold and lens formation technique was 
utilized to form a silicone gel lens prepared from a mixture 
formed of equal parts of the PEG 015 silicone gel and soft 
sflicone elastomer obtained from Huls America, Inc. and 
identified as Catalog No. PELD 15. 

With this understanding in mind, the method and implan- 
tation apparatus of the present invention can be understood 
as follows. FIGS. 6, 7, and 8 sequentially illustrate the 
loading of an exemplary shape transformable lens implant 
II into an ejector apparatus generally indicated by reference 



60 



Thus, exemplary shape tnuisformable m*tfTi*l<i appropri- 55 
ate for practicing the present invention will have a tensile 
strength of less than 70 MPs, an clastic modulus of less man 
3,000 MPa, a shear modulus of less man 1700 MPa, an 
elongation at break of greater man 100%, and a Durometer 
Shore A hardness of less than 100. Preferably, the matmah 
will have an elastic modulus of less than 100 MPa, a shear 
modulus of less than 50 MPa, an elongation at break of 
greater than 400%, and a Durometer Shore A hardness of 
less than 20. An even more preferable range of shape 

transformable material properties approp riate for the present 65 38. Lens implant 16 is shown in cross-section to emphasize 
invention includes an elongation at break of greater than its largest cross-sectional dimension, a rfinmeiw of up to 13 
900% and a Durometer Shore A hardness of less man 1. mm. As discussed above, tens implant is formed of a 
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material having substantial recoverable deformation in all apparatus 38 in the direction of arrow 66 precisely reduces 
itimiiuEfrmc »tiH Watiw i* fa intenAnl tn fonrtfon »* an the pressure within tubular member 48 drawing shape trans- 
optical device in this exemplary embodiment, tens 10 is foxmabie lens implant 10 into ejector apparatus 38. The 
formed of an optically transparent material having a refrac- substantial r ec ov erable deformation p roperty of shape trans- 
tive index on (be order of 1.4 or greater 5 fonnable lens frnp Up* 1# allows it to ^K*qmt a rod-like 
Ejector 38 includes an elongate, tubular member 4* shape within tubular member 44 as shown in FIG. 8. 
formed of relatively thin wall tubing and provided wilh an Following this loading procedure, converging loading fun- 
outiet end 42. Stidafafy disposed in scaling ntgagrmrnt S el 56 is removed from outlet end 42 of elongate tubular 
within tubular member 40 is piston 44. Piston 44 is attached member 4* to define an ejector having a small diameter, 
to cxtendiijgr*ishrc<l 46 provided wimw^ l0 elongate, generally tubular outlet with a gelatinous lens 
handle 48 and shdably mounted within plunger bore 50 of impbmt loaded therein. 

plunger bousing 52. a, , ahewn, in FK& 6and ^etongate n sbould be noted that whfle the exemplary ernbodiment 

n^memba4t isdetacr^ c^ed «^ a receiving mustrated in FB3S. 6, 7 and 8 is provtSd with a detachable 

*F * 5!^ 5 P^J^f** elongate tubular outlet formed by tubular member 40, this 

<rf mamrfactore, elongate toW mcnte is provided 13 f ^ u ^ esscmM to ^ rf topnunlmt* 

^ How detacnable mbulsr 4, containing 

^ diameter and a togth sufficient to prt^a total ^ „ a Qumber ^ (!edrable benSTpS 

internal volume greato man ^volume of shape tr^fojm- cxsnsf ^ i ^ c i ax3 ^ OBtahhig mbulax member can be con- 

able lens implant 10. F^rotan^a^imi^ lens irnjdant It steriKzed, stored, or transported. Alternatively, if 

is a full-sized, fully functional optic, biconcave intraocular m . v_ . „ .^^^ «Tv«^ . .*~iu*~i 

feiishaviiig a diameter of 10 inm^ a total volume on the ^ * C ^i^!?*^ 

17^Sv(K shaped ^^T^^r^l , 

mtemalbcre of tubular member 40 wfll be greater man 250 To facilitate the loading of the implant into t he tubu lar 

mm 3 , preferably on the order of 5% to 10% greater outlet, it may be desirable to utilize a rargicaUy acceptable 

L, =^^o<*«,» ^ la FK* 6, 7 „d i. 15 Z^T^^^t^tZ^- 

tubular member 48 functions as an elongate, generally ""^ . ° uu *" un w , 

tubular outlet of ejector apparatus 38. Acc^mgry^ordei """^"^ ^i*!* 1 ™ 1 . f 1 ?"*^ 

toprovideanejector^H^ app-ratm me vueodaabe ™^*so aids in scaling the 

on u^ exder ofiTrnm or lew m le^ 

diarneter^t^membe^ ZS^dS^^ 

3.5 mm or less. Assuming that tubular member 4* is formed ™*~~7r J ^™~~Ir TTi "«^L.- r_T^J^_V 

of a surgically compatible material such as stainless steel, P™ 5 *** *1 ^ ^ fa *« 81 toa^ rlie irm^ mto tubular 

poryainWrT^C PTTFE or the like, and allowing for a member 40 than is a slow, smooth negahve pressure, 

sufficient wall thickness to provide adequate strength, this 35 For example, the previously discussed full-sized exem- 

leaves room for an irternal diameter of ar^iroximatery 3 mm plary silicone intraoculnr lenses having an 11 nun and a 5 

or less. Thus, in the exemplary embodiment of ejector mm centra l thickness were shape transformed into small 

apparatus 38 shown, tubular member 40 will have a length rti ff mrt rr elongate rods having an overall length of appraxi- 

of approximately 88 to 100 mm. The corresponding dimen- nuttely 23 rnmaiKl a diameter of 4 mm by coatmg the lenses 

sions of piston 44 and pushrod 46 should be sufficient to 40 ^am hyaluronate and sucking each lens into the 

allow ejector 38 to function in a manner analogous to a apparatus of FIG. 6. Following ejection from the tubular 

hypodermic syringe having a barrel defined by tubular outlet of the apparatus, each lens assumed its pre- 

member 40 that can be positively or negatively pressurized transformation shape. 

by advancing or retracting the plunger defined by piston 44, Additionally, while the conical bore 68 of converging 

pushrod 46 and plunger handle 48. 45 loading funnel 56 is illustrated with a generally circular 

A detachable converging loading funnel 56 is provided to cross-sectional shape, it is also contrmplatwl as being within 

facilitate the loadrngcfsfjar^trans^ implant It the scope of the present invention to provide bore « with an 

into tubular member 40 of ejector apparatus 38. As shown elliptical cross-sectional shape, having its long axis aligned 

most clearly in FIG. 8, detachable converging loading funnel with the larger dimension or diameter of shape transform- 

56 is provided with an enlarged implant receiving opening so k** tapbnt 10. In this manner, it may be possible to 

58 and a corneal bore 68 converging to a mating orifice 62. control the planar orientation of lens implant It as it is 

Preferably, mfltjpg orifice 62 has a generally circular cross- drawn into tubular member 40. This will allow the implant- 

sectional configuration and a *Hm>«w gubstantlalry equal to ing surgeon to control the planar orientation of the implant 

that of the internal diameter of outlet end 42 on tubular during me ejection and implantation procedure. This aHgn- 

member 48 when tubular member 40 is positioned within 55 meat orientation plane aspect of converging loading funnel 

funnel receiving bore 64 as shown in FIGS. 6 and 7. At 56 is less important with synunetrical irnplants, such as that 

present, experimental work indicates that conical bore 68 illustrated in FIG. So. However, it may provide significant 

should converge from implant receiving opening 58 to impbntsrion advantages with asvrnrnetrical implants, such 

mating nrffir* f& *t thr frtativriy «h»n< w an g i* nf itppmti- as those illustrated in FIGS. 56, 5c and 54 as the afignment 

matriy 1 v ¥3hrrh# r lftnrfin g ftini^l M tv nf grffiaent & arientation plane will enable the implantin g surgeon to 

length to provide implant receiving opening 58 with a control which face of the implant is positioned where within 

diameter ranging from approximately 4 mm to 15 mm the eye. 

m accordance with the teachings of the present invention, Referring now to FIGS. 9 and 10, an alternative ejector 

positioning shape trasfonnable lens implant 10 in sealing apparatus 68 is provided with an internal converging loading 

engagement with im pl an t receiving opening 58 of converg- 63 funnel 70 upstream of and in fluid conducting oamrnunica- 

ing loading funnel 56 and withdrawing the plunger defined tion with a small f*iwirrrtrr ( elongate, generally tubular outlet 

by piston 44. pushrod 46 and plunger handle 48 from 72 having an outlet end 74. At the inmlam-receiving end 76 
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of internal converging loading runnel 70 is a pressnrizablc apparatus 38 is advanced m tbe direction of arrow 100 by the 

lens-receiving dumber 78. Tboogh the exemplary embodi- movement of pushrod 46 to increase the pressure within 

rant of alternative ejector apparatus 68 shown is of an tubular member 40. Viscodastic lubricant 86 is provided 

integral or one-piece construction, it should be emphasized within tubular member 40 to facilitate the precise control of 

frixt fnhniar nwtw 72 and lens-receiving Hmmhw 78 may be 3 this pressuxization. As a result, shape transformable 

***rh»Mr elements, if desired, implant 10 is advanced through tubular member 48 and out 

In order to load a shape transformable implant, such as through outlet end 42. 

lens implant It, into alternative ejector apparatus 68, Interestingty.il also was surprisingly discovered that once 

implant 10 is simply positioned within lens-receiving cham- « raffi«*nt pntfrw «f t**» «hnp* i wm«f<wmjiM*> imjAmnt h** 

ber 78 through large diameter opening 88, followed by 10 been ejected through outlet end 43 of the ejector, the 

insertion of a pressure controlling plunger defined by piston pressure provided by piston 44 can be reduced and the 

82 mounted upon pushrod 84. As with piston 44 of ejector implant will continue to extrude or pass through the outlet 

apparatus 38 of FIGS. 6. 7 sad 8, piston 82 is configured to end of the ejector. Without wishing to be bound to this 

sealingry engage tbe internal surfaces of prcssurizable lens- theory, it is believed that the internal recoverable elastic 

receiving chamber 78. Accordingly, piston 82 is provided properties of the shape transformable bfi* 1 ""* forming the 

with the ap prop ri ate cross-scctioaal shape and di m e nsion s to implant function to draw the remaining portions of the 

provide an effective sliding seal analogous to that of a implant out of the tubular member. A very small amount of 

hypodermic syringe. However, with alternative ejector app»- pressure may be nfflifrH to assist die advancement and 

ratus 68, the dimensions of prcssurizable lens-receiving ejection of the impdant into me target site. Accordingly, it is 

chamber 78 may be closer to that of the undefbrmed implant ^ prefeired that the ejector apparatus be provided with some 

as tbe internal converging loading funnel 78 is located at tbe means for precisely controlling the pressure within the 

opposite end of prcssurizable lens^eceiving chamber 78. lcos-contaiiiing or lens-receiving ^nihw , |q these exem- 

Similarfy, while it is preferable that the diameter of elongate plary embodiments, the pressure controlling means is a 

tubular outlet 72 be as small as possible the length of tubular manually advanced plunger, as dffliwd However, it is 

outlet 72 is more appropriately determined by me needs of jj contemplated as being within the scope of the present 

the implanting surgeon, rather than by the internal volume invention to utilize alternative forms of precise pressure 

constraints of tubular member 48 which necessarily must control, such as advancing screws or f J f r tr nm fyhfl ni"*! or 

contain the entire implant 18. As a result, elongate tubular electrohydraulic devices, as known in the art 

outlet 72 may be considerably shorter than tubular member As shown in FIG. U,implaiit lfmim^iately nxc^wits 

48 of ejector apparatus 38. 30 initial pt^ -tmpt*«t ation shape and configuration as soon as it 

In FIG. 18, shape transformable Implant 18 is shown is ejected through tubular outlet 48. Tbjs aUows implant- 
positioned within pressurizable lens-receiving chamber 78 fag surgeon to withdraw the ejector apparatus 38 from eye 
and surrounded by viscoelastlc lubricant 86. Vlscoclastic 86 92 and to verify the proper placement and positioning of 
functions to lubricate shape transformable implant 18 and to implant 16. If necessary, implant 18 can be iwawt pni«T»H 
provide a uniform hydraulic pressure within lens-receiving 35 once in place using conventional surgical techniques and 
chamber 78 so that the pressure within chamber 78 can be tools. However, unlike conventional prior art intraocular 
precisely controlled through the movement of piston 82. lenses, which rely upon notches and holes for the placement 
Advancing piston 82 in the direction of arrow 88 positions of inaiupulating instruments, the gelatinous t mp hn** of the 
implant 10 within internal converging loading funnel 78 present invention can be reliably engaged and manipulated 
prior to ejection through tubular outlet 72. In this manner, 40 with existing surgical probes and the like simply by pushing 
ejector apparatus 68 is loaded as the first orprrlimjnary step the instrument to deform the lens into engagement Removal 
to implantation of implant 18. of the instrument allows the implant to immediate ly resume 

In a broad aspect, the implantation methodology of the Its Intended shape and configuration, 

present invention comprises the basic steps of inserting and Those skilled in the art will recognize that implant 10 

positioning the small diameter, elongate, generally tubular 45 illustrated In FIG. 13 is a biconvex, posterior chamber 

oudet of an implant loaded ejector into a surgical target site Irophi* that essentially completely fills the posterior cham- 

and ejecting (he shape transformable implant through the ber of eye 92 in crder to replace a mis si ng or removed 

tubular outlet. An wraiyipfa of mis procedural methodology natural An alternative implantation p rocedure is fllus- 

is illustrated sequentially in FIGS. 11, 12 and 13. Though trated in FIGS. 14, 15 and 16 where the natural lens of the 

illustrated in the context of an intraocular lens insertion 30 eye remains intact In mis alternative procedure, a normal 

procedure, those skilled in the art will appreciate that the eye 92 including natural lens 182 is provided with an 

implantation methodology of the present invention is widely anterior cnainber lens implamfim^ 

suitable for inserting and positioning a variety of implants fywpi»tifh t». mrrf^dv^ ratify* T» w f In ^ fntUmrfug m^ n nrr, 

within various target sites. First, an ejector apparatus 68, analogous to that discussed 

In the exemplary cmhortimrnt shown in FIGS. 11, 12 and 35 with respect to FIGS. 9 and 18, is provided with a self- 

13, the target site is the posterior chamber 90 of an eye, itself piercing, hypodermic needle-like oudet end 184 which 

generally indicated by reference 92. A small scale surgical enables tbe small diameter, elongate, generally tubular outlet 

incision 94 is made in cornea 96, preferably at the corneal 72 to be directly inserted through cornea H into me anterior 

scleral junction at the peripheral edge of cornea 96 to chamber 106 of eye 92. Gelatinous, shape b^msformable 

provide access to the interior of eye 92. An elongate tubular 60 lens implant 18, as discussed with respect to FIG. 3, having 

member 48 loaded with a shape transformable, gelatinous been previously loaded into ejector 68, is advanced through 

intraocular lens implant 10 is advanced through surgical tubular outlet 72 by ejecting implant 18 through outlet end 

irvWcH 92 so that the outlet end 42 of tubular m*mht»r 40 104 and into anterior rtmntfrw 106 in front of pupillary iris 

is positioned within the vicinity of posterior rhambw 90 98. Once free of the confines of tubular outlet 72. shape 

behind pupillary iris 98. With particular reference to FIG. 65 transf onnahte implant 18 iinmediatery recovers its original 

12, once tubular member 40 has been inserted and posi- configuration wherein projecting blade haptics 22 and 26 

tioncd into tbe target site wimin eye 92, piston 44 of ejector position lens element 28 in front of pupillary iris 98 to 
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function as a corrective kns in exjunction with natural lens 
192. At essentially the same moment In time, tubular outlet 
72 is removed through cornea 96 while the implanting 
surgeon verifies the positioning and oricntatioa of implant 
18 prior to dosing puncture incision j 

Those skilled in the art Win understand that the preceding 
exemplary embodiments of the present invention provide the 
foundation for numerous alternatives and modifications 
thereto. These other modifications ace also within the scope 
of the present invention. Thus, by way of example, but not 10 
of limitation, the shape traiisf ormable implants of the 
present invention may be configured to function as cosmetic 
implants for reconstructive or augmentation purposes. Such 
implants would inrlndr artificial chins, cheekbones, noses, 
ears and other body parts including breasts and penile 15 
implants. Similarly, alternative ejector apparatus may be 
configured to function with such rmplnTtt* utilizing the 
principles and trm-hings of the present invention. Such 
alternative ejector apparatus would be configured to accom- 
modate the overall volume and Trrinfmwm distorted dimes- 20 
stons achievable with the gelatinous implants. In this 
manner, a wide variety of implants may be surgically 
inserted and positioned through minimal, relatively atrau- 
matic surgical f^-fekt ) 8 Accordingly, the present invention 
is not limited to that precisely as shown and described in the 23 
present invention. 

What is claimed is: 

1. A method for performing lens replacement in an eye, 
(he method comprising the steps of: 

providing a shape-transf ormable optical lens capable of 30 
substantial recoverable deformation in all dimensions 
and formed of an optically transparent material having 
a tensile strength of less than about 70 MPa, an elastic 
modulus of less man 3,000 MPa, an elongation at break 
of greater than 100%, and a Durometer Shore A hard- 35 
ncss of less than about 100; 

| rn^+j ng shape-o^ansf ormable lens into a lens ejector 
having a small-diameter, elongate, generally tubular 
outlet configured to receive said shape-tranirbrmable 
optical lens in sliding sealing engagement; 40 

inserting said small-diameter, elongate, generally tubular 
outlet into the eye; 

positioning said small-diameter, elongate, generally tubu- 
lar outlet at a target site within the eye; and 

ejecting said sbjipe-rransfcrmabie optical lens through 
said small-diameter, elongate, generally tubular outlet 
at the target site within die eye. 

2. The method of claim 1 further comprising after said 
ejecting step the stop of: x 

positioning said shape-transformable optical lens at the 
target site within the eye. 

3. The method of claim 1 wherein said inserting step 
further comprises the additional step of: 

surgically forming an incision in the eye; and ^ 
inserting <qru>i| - ^t»nv^w t elongate, generally tubular 
outlet through said incision into the eye. 

4. The method of claim 3 wherein said surgically forming 
step comprises the step of: 

surgically forming an indsioo of less than about 4.5 mm 60 
in length in the eye. 

5. The method of claim 4 wherein said providing step 
comprises the step of: 

providing a shape-transf ormable optical lens capable of 
substantial recoverable deformation in all dimensions 63 
and having an overall dtamrtrr in the range of about 5 
mm to 13 mm 
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6. The method of claim 5 wherein said loading step 
comprises the step of: 

loading said shape-transf ormable optical lens into a lens 
ejector having as elongate, generally tubular outlet 
configured to receive said shape-transfcnnable optical 
lens in sliding sealing engagement and having a length 
of less than about 100 mm and an internal rtiftmrtrr of 
about 3 

ram. 

7. The method of claim 1 wherein said optical lens is 
iwrfwH into said ejector through the additional steps of: 

mounting a converging loading funnel dimensioned to 
receive said optical lens onto said small diameter, 
elongate, generally tubular outlet; 

placing sttid optical lens into said cooverging loading 
funnel; 

drawing said optical lens through said converging loading 
funnel *"«t into said small diameter, elongate, generally 
trfh^ifor cutl et ; »hH 

removing said converging loading funnel from said small 
diameter, elongate, generally tubular outlet 

8. The method of claim 7 wherein said small diameter, 
elongate, generally tubular outlet contirimng said optical 
lens is detachable from said ejector. 

9. The method of claim 7 wherein said converging loading 
funnel is provided with a generally elliptical cms-sectional 
area defining an ^igrmmt orientation plane for maintaining 
a specific orientation of said optical lens within said small 
diameter, elongate, generally tubular outlet. 

1*. The method of claim 1 wherein said optical kns is 
loaded into said ejector through the additional steps of: 

providing a converging loading funnel within said ejector 
upstream of and in canmiunication with said small 
diarneter, elongate, generally tubular outlet; and 

placing said optical lens into said converging loading 
funnel prior to ejecting said optical lens through said 
outlet of said small diameter, elongate, generally tubu- 
lar outiet 

11. The method of claim 1 further comprising the addi- 
tional step of lubricating said optical lens prior to ejecting 
said optical lens Ihrough said outlet of said t™n diameter, 
elongate, generally tubular outlet 

12. The method of claim 11 wherein said optical lens Is 
lubricated through (he additional step of coating said optical 
lens with a viscodastic material 

13. The method of claim 1 wherein said optical lens is 
substantially deformed when received to sad small-diameter, 
elongate, generally tubular outlet 

14 Amethod of tarplantmg an optical lens into an eye, the 
method comprising the steps of: 

providing a shape-traiisfccinable optical lens capable of 
substantial recoverable deformation in all dimensions 
and formed of an optically transparent material having 
a tensile strength of less than about 70 MPa, an clastic 
modulus of less than 3 ,000 MPa, an elongation at break 
of greater than 100%, and a Durameter Shore A hard- 
ness of less than about 100; 

loading said shape*4raiisfcrmable optical lens into a less 
ejector having a small-diameter, c.jnngnrr, generally 
tubular outlet configured to receive said sbape- 
transfonriablc optical lens in sliding sealing engage- 
ment; 

inserting said small-diameter, elongate, generally tubular 
ourJet into the eye; 

positioning said small-diameter, elongate, generally tubu- 
lar outlet at a target site within the eye; and 
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ejecting said shape-transfonnabie optical lens through 
said KiTBiH^tiwnwrr rfnngxt^ generally tubular outlet 
at (be target site within the eye. 

15. The method of daim 14 further <y»mpri«ing after said 
ejecting step the step aft 

positioning said shape-transfonnable optical leos at the 
target site within the eye. 

16. The method of daim 14 wherein said inserting step 
further comprises the additional step of: 

surgically fanning an incision in (be eye; and 
inserting said small-diameter; ^k^g*^, generally tubular 
outlet through said incision into the eye. 

17. The method of daim 16 wherein said surgically 
forming step comprises the step of: 

surgically forming an Incision of less man about 4.5 mm 
in length in the eye. 

18. The method of claim 17 wherein said providing step 
comprises the step of: 



mounting a con verging loading funnd dimensioned to 

receive said optical kes onto «nid small diameter, 

elongate, generally tubular outlet; 
placing said optical lens into said converging loading 
5 funnd; 

drawing said optical lens through said converging loading 

funnd and into said small diameter, doogate, generally 

tubular outlet; and 
removing said converging l nq"*fT »g funnd from said small 
10 diameter, doogate, generally tubular outlet 

22. The method of claim 21 wherein said small diameter, 
elongate, generally tubular outlet containing said optical 
lens is dtrarimhlt from said ejector. 

23. The method of claim 21 wherein said converging 
15 loading funnel is provided with a generally elliptic* 1 cross- 

sectional area defining an alignment orientation plane for 
mmwtftim'ng a specific orientation of said optical lens within 
said small diameter, dongate, generally tubular outlet. 

24. The method of daim 14 wherein sad optical lens is 



providing a shape-transf ormafale optical lens capable of 20 loaded into said ejector through the additional steps of: 



substantial recoverable deformation in all dimensions 
and having an overall rfiamrtrr in the range of about 8 
mm to 13 mm. 
19. The method of daim 18 wherein said loading step 
comprises the step of: 
loading said shape-transformable optical lens Into a lens 
ejector having an elongate, generally tubular outlet 
configured to receive shape-transformable optical 
leos in sliding sealing engagement and having a length 



providing a converging loading funnel within said ejector 
upstream of and in coinmunication with said small 
diameter, elongate, generally tubular outlet; and 
placing said optical lens into said converging loading 
25 funnd prior to ejecting said optical lens through said 
outlet of said small diameter, elongate, generally tubu- 
lar outlet 

25. The method of daim 14 further comprising the 
additional step of lubricating said optical lens prior to 



of less than about 100 mm and an into real diameter of 30 ejecting said optical lens through said outlet of said small 



about 3 mm. 

20. The memod of claim 14 wherein said optical lens is 
substantially deformed when received in said small- 
diameter, dongate, generally tubular outlet. 

21. The method of daim 14 wherdn said optical lens is 35 
loaded into said ejector through the additional steps of: 



diameter, dongate, generally tubular outlet. 

26\ The rnetbod of daim 25 where, in said optical lens is 
lubricated through the additional step of coating said optical 
lens with a viscoelastic material 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,702,441 

dated December 30, 1997 

inventor(S) : Stephen Q. Zhou 

It is certified that error appears in the above-indenWied patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 15, line 37, between the words "transformable 11 and "lens" insert the word 
—optical—. 

Column 15, line 49, delete the term "stop" between the words "the" and "oP and 
insert the word -step—. 

Column 15, line 66, delete the numeral "5" at the end of the line and insert -8-. 
Column 16, line 47, delete the term "sad" and insert the term -said-. 
Column 17, line 30, delete the terms "into real" and insert the term -internal-. 
Column 18, line 19, delete the term "sad" and insert the term -said-. 
Column 18, line 32, delete "where, in" and insert -wherein-. 



Attest: 



Signed and Sealed this 
Fifth Day of May, 1998 



BRUCE LEHMAN 

Attesting Officer Commissioner of Patents and Trademarks 
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